Nanoparticle-mediated cytoplasmic delivery of proteins to target cellular machinery.
Despite recent advances in nanomaterial-based delivery systems, their applicability as carriers of cargo, especially proteins for targeting cellular components and manipulating cell function, is not well-understood. Herein, we demonstrate the ability of hydrophobic silica nanoparticles to deliver proteins, including enzymes and antibodies, to a diverse set of mammalian cells, including human cancer cells and rat stem cells, while preserving the activity of the biomolecule post-delivery. Specifically, we have explored the delivery and cytosolic activity of hydrophobically functionalized silica nanoparticle-protein conjugates in a human breast cancer cell line (MCF-7) and rat neural stem cells (NSCs) and elucidated the mechanism of cytosolic transport. Importantly, the proteins were delivered to the cytosol without extended entrapment in the endosomes, which facilitated the retention of biological activity of the delivered proteins. As a result, delivery of ribonuclease A (RNase A) and the antibody to phospho-Akt (pAkt) resulted in the initiation of cell death. Delivery of control protein conjugates (e.g., those containing green fluorescent protein or goat antirabbit IgG) resulted in minimal cell death, indicating that the carrier-mediated toxicity was low. The results presented here provide insight into the design of nanomaterials as protein carriers that enable control of cell function.